Introduction
Rapidly destructive osteoarthritis (OA) of the hip generally occurs in elderly women and causes severe disability [1] . In 1970, Lequesne [2] proposed a standardized definition of rapid chondrolysis: chondrolysis >2 mm in 1 year, or 50% joint-space narrowing in 1 year and no evidence of other forms of rapidly destructive arthropathy. In the majority of cases, the disease is unilateral, without evidence of antecedent OA, osteonecrosis, neuropathy, infection, or inflammatory disease [3] [4] [5] . The etiology of rapidly destructive hip OA has not been clarified since the first report of the disease by Postel and Kerboull [3] . Yamamoto and Bullough [6] demonstrated that subchondral insufficiency fracture of the femoral head occurs in elderly women with osteoporosis. They suggested that insufficiency fracture resulting from osteopenia might lead to rapid breakdown of the hip joint [7] . However, it is still unclear why insufficiency fracture occurs in the subchondral area of the femoral head. We report herein a case of rapidly destructive OA of the hip in which we observed (1) a pattern of edema in the bone marrow on magnetic resonance imaging (MRI) and (2) extensive inversion of the acetabular labrum during surgery.
Case report
A 77-year-old woman presented with a 5-month history of left hip pain. She had no history of antecedent trauma, and she reported that the pain occurred without any cause after she awoke one morning. Plain radiographs obtained at the first office visit demonstrated no abnormality (center-edge angle [8] : 27 • ; acetabular roof angle [9] : 5 • ). Using the method of Tannast et al. [10] , we found that her pelvis tilted posteriorly on supine radiographs and that it tilted more posteriorly, about 10.8 • , on standing. Mean bone mineral density measured by dual X-ray absorptiometry was 0.888 g/cm 2 in the affected acetabulum, 0.869 g/cm 2 in the affected femoral head, and 0.608 g/cm 2 in the affected femoral neck. Mean urinary excretion of the cross-linked N-telopeptide of type I collagen for bone resorption markers was 39.0 nMBCE/mM Cr Cr). The patient was treated with anti-inflammatory drugs (celecoxib, 100 mg, twice daily). Pain was present at rest and persisted at night. Eventually she was unable to walk because the pain was severe. Her height was 146 cm and weight was 48 kg. Her body mass index, 22.5 kg/m 2 , was within the normal range. The range of motion in her left hip was 120 • in flexion, 10 • in extension, 30 • in abduction, 20 • in adduction, 30 • in external rotation, and 5 • in internal rotation. Preoperative blood tests showed no evidence of rheumatoid factor (including anticyclic citrullinated peptide antibody) or infection, and we found no evidence of Charcot joint or inflammatory arthropathies. Anteroposterior radiographs showed that joint-space narrowing of the superolateral portion of the femoral head progressed rapidly for only 4 months (Fig. 1) . In reporting in detail about MRI findings in rapidly destructive OA of the hip, Boutry et al. [11] and Sugano et al. [12] described its key features: joint effusion and bone marrow with an edemalike pattern in the femoral head and neck or acetabulum or both. MRI findings of this case obtained at 4 months after the first office visit were consistent with those in the reports by Boutry et al. and Sugano et al. Besides, we observed a focal low-intensity band on T 1 -weighted images [6, [13] [14] [15] (Fig. 2) . However, neither tomosynthesis nor multiplanar reconstruction of computed tomography images showed any subchondral insufficiency fractures in show joint effusion and a pattern of bone-marrow edema from the upper portion of the femoral head to the intertrochanteric region, with diffuse low intensity on a T1-weighted image (A) and high intensity on the short inversion recovery (STIR) sequence (B). In addition, a small low-intensity band paralleling the articular surface in the femoral head is apparent on the T1-weighted image that indicates subchondral insufficiency fracture (white arrow). any slices (Fig. 3) . Nonspecific accumulation in the left hip was apparent on bone scintigraphy. On the basis of both clinical and radiological findings, our diagnosis was rapidly destructive hip OA [3] [4] [5] 16] . Because of her severe pain, the patient underwent total hip arthroplasty. During surgery, we found that the anterosuperior surface of the acetabular cartilage was covered extensively with the inverted labrum (Fig. 4A) . Also, the location of the inverted labrum was mostly consistent with the bone-marrow edema lesions in the femoral head and the acetabulum. Proliferation of the synovial tissue was not remarkable. However, a macroscopic defect and degeneration of the anterolateral portion of cartilage on the acetabulum and femoral head were obvious ( Fig. 4B and C) . The resected labrum included lots of fragments of articular cartilage (Fig. 4D ). There were no crystal deposits, such as pyrophosphate crystals or uric acid crystals, in either the pathology specimens or the synovial fluid. There was not extensive subchondral necrosis with a deep wedge-shaped lesion as seen in primary osteonecrosis, including that caused by corticosteroid intake or alcohol abuse [17] . In addition, we could not find extensive subchondral fracture, which would have indicated insufficiency fracture. We aspirated bonemarrow blood from the femoral neck intraoperatively. We looked for the presence of MMP-2, MMP-3, and MMP-9 in peripheral blood and bone-marrow blood because activation of those proteases has been suggested [18, 19] as an indicator of rapidly destructive OA. Although the levels of all three proteases were within normal limits (MMP-2: 694 ng/mL; MMP-3: 25.5 ng/mL; MMP-9: 20 ng/mL) in peripheral blood obtained 1 day before the surgery, the level of MMP-9 was extremely high in bone-marrow blood (1000 ng/mL). The distance between the free margin of the acetabular labrum to the femoral head-neck junction (arrows) is longer than that in a normal pelvis (i.e., distance B > distance A). (C) The free margin of the acetabular labrum is more likely to be trapped by the femoral head into the intra-articular space in a posteriorly tilted pelvis than in a normal pelvis because in the tilted pelvis, the distance where the free margin of the acetabular labrum runs across the surface of the femoral head is longer when the hip joint bends. (D) Abnormal stress caused by inversion of the acetabular labrum to the superolateral portion of the femoral head and lateral part of the acetabulum.
Discussion
One convincing cause that has been proposed for rapidly destructive hip OA is subchondral insufficiency fracture of the femoral head [6, 7, 20, 21] . In the case reported here, we could not find an obvious subchondral insufficiency fracture pathologically. However, MRI showed a focal low-intensity band paralleling the articular surface in the femoral head in T 1 -weighted image and a pattern of bone-marrow edema not only in the femoral head but also in the lateral side of the acetabulum. We speculate that the subchondral fracture was so small, as seen in Fig. 2A , that we could not detect it in our pathology specimens. Meanwhile, as Boutry et al. [11] noted, if the presence of a subchondral fracture can explain joint destruction, then the mechanism of rapid chondrolysis in rapidly destructive hip OA remains uncertain. Yamamoto and Bullough [7] suggested that fragments of the articular cartilage, with or without attached subchondral bone tissue, are frequently observed in the marrow space. This would seem to indicate that subchondral fracture occurs prior to the loss of articular cartilage. We assume that their theory is based on the fact that if articular cartilage disappeared because of chondrolysis prior to the development of a subchondral insufficiency fracture, then fragments of articular cartilage, with or without attached subchondral bone tissue, should not be in bone in the marrow space. However, in our patient, we found no fragments of articular cartilage or subchondral bone in the marrow space before collapse of the femoral head. Thus, another factor may be involved in rapid joint-space narrowing, which is an initial symptom of rapidly destructive hip OA. Before femoral-head collapse in our patient, the inverted labrum contained various sizes of cartilage fragments, but the femoral-head marrow space did not. This would seem to suggest that inversion of the labrum is involved in joint-space narrowing. If a patient with fragile articular cartilage also has an inverted labrum, the articular cartilage might be easily peeled. Solomon et al. [22, 23] proposed that if cartilage degeneration is slow and bone response is good, reparative sclerosis and osteophyte formation will result in joint stability and hypertrophic OA. Conversely, if cartilage degeneration is rapid and bone response is poor, as may be seen in elderly patients, atrophic or destructive OA will occur. Similarly, we speculate that although degenerative cartilage will prevail over the labrum even if the labrum inverts into the articular surface in young patients, an inverted labrum will prevail over degenerative cartilage in elderly patients, resulting in detritic synovitis with large fragments of articular cartilage. It has already been reported that an inverted acetabular labrum causes hip OA [24, 25] . Whether joint-space narrowing is rapid or not may be related to the quality of articular cartilage. In this case, we found the acetabular labrum to be inverted; however, the inversion mechanism is unclear. Watanabe et al. reported that posterior pelvic tilt may be one of the factors that contribute to the development of rapidly destructive hip OA [21] . We found that our patient had posterior pelvic tilt as well. We propose a mechanism of inversion: in posterior tilting, the distance between the free margin of the acetabular labrum to the femoral head-neck junction is longer than in a normal pelvis. That potentially increases the chance that the free margin of the acetabular labrum is sucked into the joint space when persons with tilted pelvises bend at the hip (Fig. 5A-C) . Posterior pelvic tilt in rapidly destructive hip OA may involve two factors: an inversion of the acetabular labrum and an increase in contact force through the inverted labrum. As shown in Fig. 5D , articular cartilage at the site of labral inversion receives most of the stress. The concentration of stress on the subchondral bone may lead to a fracture in the femoral head and acetabulum beneath the cartilage. In fact, the relationship between the inverted labrum and subchondral insufficiency fracture of the femoral head has recently been demonstrated [26] . In this case, a bone-marrow edema pattern was observed on MRI, not only in the femoral head but also in the lateral side of the acetabulum. Besides, intraoperative findings showed an extensively inverted labrum lying between the intensity changes on magnetic resonance images.
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Key learning points
• Magnetic resonance imagings from the present case, which involved rapidly destructive hip osteoarthritis, showed a bonemarrow edema pattern not only in the femoral head but also in the acetabulum.
• The concentration of stress on the subchondral bone due to inversion of the acetabular labrum may lead to fracture of the femoral head and acetabulum beneath the cartilage.
• Inversion of the acetabular labrum may be a mechanism of rapidly destructive hip osteoarthritis.
